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ABSTRACT 

Statement of Problem: Microleakage is one of the most frequent problems associated 
with resin composites, especially at the gingival margin of posterior restorations. Inser- 
tion of fibers in composite restorations can reduce the total amount of composite and 
help to decrease the shrinkage. 

Purpose: The aim of this study was to evaluate the effect of polyethylene fiber inserts on 
gingival microleakage of class II composite restorations using two different adhesive 
systems. 

Materials and Method: In this experimental study, class II cavities were prepared on 60 
premolars. The gingival floor was located 1.0 mm below the CEJ. Dimension of each 
cavity were 3 mm buccolingually and 1.5 mm in axial depth. The specimens were di- 
vided into 4 groups according to the adhesive type and fiber insert (n=4). Single bond 
and Clearfill SE bond and Filtek p60 were used to restore the cavities. In groups without 
fiber inserts composite was adapted onto cavities using layering technique. For cavities 
with fiber inserts, 3 mm piece of fiber insert was placed onto the composite increment 
and cured. The specimens were stored in distilled water at 37°C for 6 months. All speci- 
mens were subjected to 3000 thermo -cycling. The tooth surfaces except for 1 mm around 
the restoration margins covered with two layers of nail varnish .The teeth were immersed 
in 2% Basic Fuchsin for 24 hours, then rinsed and sectioned mesiodistally. The micro- 
leakage was determined under a stereomicroscope (40X). Data were statistically ana- 
lyzed by Kruskal-wallis and Mann- Whitney U tests (/?< 0.05). 

Results: The Kruskal-Wallis test revealed no significant differences in mean microlea- 
kage scores among all groups (p= 0.281). 

Conclusion: Use of polyethylene fiber inserts and etch-and-rinse and self-etch adhesives 
had no effect on microleakage in class II resin composite restorations with gingival mar- 
gins below the CEJ after 6- month water storage. 
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University of Medical Science, Shiraz, Iran Tel:+98-912-2635778 Email: shiva.modiri@gmail.com 



Introduction 

Glass and polyethylene fibers are used as reinforcing 
agent in composite restorations [1-2]. Currently, light 
cure resin composites are widely used to restore post- 
erior teeth due to their esthetic properties and their ad- 



hesion to tooth structures [3-4]. 

Microleakage is one of the most frequent encoun- 
tered problems, especially at the gingival margin of 
class II restorations [5-6]. 

Microleakage may lead to postoperative sensitivity, 
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recurrent caries, marginal deterioration, pulp injury and 
enamel fracture [7]. 

Less polymerization shrinkage can be obtained if 
the total amount of composite material for restoration of 
a class II cavity is reduced [8]. Furthermore, different 
methods such as reducing the composite polymerization 
rate, using the incremental placement technique and 
reducing the C-factor have been suggested to decrease 
the microleakage of resin composite materials [5, 8]. 

Reinforcement of resin with fiber glass has im- 
proved mechanical and physical properties of resin 
composite materials [9]. 

To improve the mechanical properties of dental 
materials , new dental products such as glass , polyethy- 
lene ,quartz , carbon and other fibers have been made 
available recently [8]. 

Fiber-reinforced composites have a wide range of 
application such as periodontal splints and fixed partial 
dentures in dentistry [10]. 

High modulus of elasticity and low flexural mod- 
ulus of polyethylene fibers modify the interfacial 
stresses developed along the etched enamel- resin boun- 
dary [11]. 

Inserting of polyethylene fibers in composite res- 
toration can reduce the total amount of resin matrix re- 
quired for restoration and decrease the shrinkage and 
microleakage [5, 8]. 

The aim of this study was to evaluate the effect of 
polyethylene fiber inserts on gingival microleakage of 
class II resin composite restorations by using two differ- 
ent bonding systems. 

Materials and Method 

The manufacturers and the composition of the material 



used in current study are shown in table 1 . 

In this experimental study, 60 intact human pre- 
molars were cleaned with periodontal scalers and rotary 
brushes. The teeth were then mounted in acrylic bases, 
up to 2mm apical to the CEJ. 

Then class II slot cavities were prepared on both 
proximal sides of each premolars using a 245 tungsten 
carbide bur (SS White; Great White Series, LAKE- 
OOD, NJ, USA) in a water-cooled high-speed air tur- 
bine handpiece .All line angles were rounded. The gin- 
gival floor of the slot cavities was located at least 1.0 
mm below the CEJ on the root surface. Each slot was 3 
mm buccolingually wide and 1.5 mm in axial depth 
(Figure 1). The dimension of the cavities were verified 
with a periodontal probe. The teeth were randomly di- 
vided into 4 groups (n=4). 




Figure 1 Premolars with completed slot preparation 

A universal metal matrix band/retainer (Toffle- 
mire) was placed around each prepared tooth. Each cav- 
ity was cleaned with water spay and air-dried. The 
bonding agent assigned to each group were applied ac- 
cording to manufacturer's instructions (Table 1). 

A posterior resin composite (Filtek p60; shade A2, 
3M ESPE) was used to restore all cavities. The speci- 
mens were divided into 4 groups according to the 



Table 1 Products used in this study 


Products 


Compositions 


Manufacturer 


Filtek p60 


Triethylenglycol dimethacrylate, urethane dimethacrylate, silica, zirconium bisphenylethylene- 
methacrylate 84.5%, 0.6 mm 


3M ESPE Den- 
tal product 




Etching gel: phosphoric acid (35%), colloidal silica thickener, color, water 


3M ESPE Den- 
tal product 


Single bond 


Adhesive: polyalkenoic acid, hydroxyrthylmethacrylate, bisphenol A diglycidyl ether dimetha- 
crylate, dimethacrylate copolymer, ethanol, water 




Primer: hydroxyethylmethacrylate, methacryloloyloxydecyl dihydrogen phosohate, hydrophilic 
dimethacrylate, DL-camphorquinone, N-diethanol-p-toluidine, water 


3M ESPE Den- 
tal product 


Clearfil SE bond 


Adhesive: hydroxyethylmethacrylate,bisphenyl glycidylmethacrylate, methacryloloyoxydeyl 
dihydrogen phosphate, hydrophilic dimethacrylate, DL-camphorquinone, N-diethanol-p- 
toluidine, silinated colloidal silica (10 % ,microthin) 


Ribbond- THM 


Polyethylene fiber 


Ribbond-THM 


Resist 


Bis-GMA,alkali-soluble polymers,fluorinated ester-containing units 


bTd 
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adhesive type and fiber insert (Table 2). The cavities 
without fiber inserts were used as controls .An approx- 
imate 2 mm- layer of p60 was adapted onto gingival 
floor and light activated for 40 seconds, using a halogen 
curing unit (400 mW/cm 2 ; Unicorn Med., Korea). A 
second layer was added diagonally on one side and light 
polymerized for 40 seconds. Two other increments, 
filling the remainder of the box, were placed and simi- 
larly light polymerized. 

Table 2 Distribution of the experimental groups among 
the two bonding agent and fiber insertion 



Groups Bonding agent 



Fiber insert 



Gl 
G2 
G3 
G4 



Single bond 
Single bond 
Clearfil SE bond 
Clearfil SE bond 



Polyethylene fiber 
Polyethylene fiber 



For cavities with fiber inserts, a less than 1- mm- 
thick resin composite was first placed on the gingival 
floor. Then, a 3- mm piece of fiber insert was preimpre- 
gnated in Resist (NSI Dental Pty Ltd; Australia) for 5 
minutes and then placed onto the composite increment 
and condensed through it to be adapted against the gin- 
gival floor and light-polymerized for 40 seconds from 
the occlusal aspect. Three other diagonal layers of resin 
composite were placed and polymerized as stated pre- 
viously. 

Only the occlusal surfaces were then finished with 
30-bladed tungsten carbide bur (H 135 UF, H 379 UF. 
H 246 LUF; Brasseler, USA) in a high-speed handpiece 
with water cooling. Polishing was performed afterwards 
by an aluminum oxide point (Jiffy points; Ultradent).the 
specimens were then stored in distilled water at 37 °C 
for 6 months in an incubator (Behdad; Iran). All speci- 
mens were then subjected to 3000 thermo-cycling be- 
tween 5 °C and 55 °C in water bath (SANAF; Iran) with 
dwell time of 30seconds. Tooth surfaces except for 1mm 



around the restoration margins were covered with two 
layers of nail varnish. The teeth were then immersed in 
2% Basic Fuchsin for 24 hours, then rinsed in tap water 
for 5 minutes. Then each tooth was sectioned mesiodis- 
tally with a high-speed diamond saw (Isomet; buchler, 
USA). The section with deepest penetration was se- 
lected to be reported in our study. 

Microleakage was determined blindly by three ob- 
servers under a stereomicroscope with 40X magnifica- 
tion according to a six-point scale: 
0= no leakage 

1= leakage extending to the outer half of the gingival 
floor 

2= leakage extending to the inner half of the gingival 
floor 

3= leakage extending through gingival floor up to 1/3 

of the axial wall 
4= leakage extending through gingival floor up to 2/3 

of the axial wall 
5= leakage extending through the gingival wall up to 

the DEJ level 
Data were statistically analyzed by non-parametric 
Kruskal-Wallis test and Mann- Whitney U test (p< 0.05). 

Results 

The mean and standard deviation of microleakage scor- 
es for all groups are presented in table 3 and figure 2. 

0.8 
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I 0.4 
0.2 
0 
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Gl 



G2 G3 
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G4 



Figure 2 Mean of microleakage 

Gl : Single bond G2: Single bond + polyethylene fiber 

G3 : Clearfil SE bond G4: Clearfil SE bond + polyethylene fiber 



Table 3 Microleakage scores distribution among the test groups with means and standard deviations 

Microleakage scale 



Groups 








Percent 






Mean 


SD 






0 


1 


2 


3 


4 


5 






Adper single bond 


Gl 


7 

46.7% 


8 

53.5% 


0 

0.0% 


0 

0.0% 


0 

0.0% 


0 

0.0% 


0.73 


0.799 




9 


6 


0 

0.0% 


0 

0.0% 


0 

0.0% 


0 

0.0% 








G2 


60.0% 


40.0% 


0.47 


0.640 


Clearfil SE bond 


G3 


8 

53.3% 


7 

46.7& 


0 

0.0% 


0 

0.0% 


0 

0.0% 


0 

0.0% 


0.53 


0.640 




12 
80.0% 




0 

0.0% 


0 

0.0% 


0 

0.0% 


0 

0.0% 








G4 


3 

20.0% 


0.27 


0.594 



Gl : Single bond G2: Single bond + polyethylene fiber 



G3: Clearfil SE bond 



G4: Clearfil SE bond + polyethylene fiber 
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The Kruskal-Wallis test revealed no significant 
differences in mean microleakage scores among the 
groups (p= 0.281). Mann- Whitney test showed that 
Group 1 had higher microleakage scores than the Group 
2, but this different was not significant (p= 0.412). 
Group 4 had lower scores than group 2 but this differ- 
ence was not statistically significant (p= 0.278). Group 
3 had higher scores in terms of microleakage but it was 
not statistically significant (p= 0.161). Group 1 had 
higher microleakage than group 3, but again this differ- 
ence was not statistically significant (p= 0.102). 

Generally, specimens from the groups with polye- 
thylene fiber inserts had lower scores than the groups 
without inserts, but this difference was not statistically 
significant. 

Clearfil SE bond produced the lower degree of 
microleakage than those with Adper single bond appli- 
cation, but these differences were not statistically signif- 
icant. 

The lowest microleakage scores belonged to 
group 4 (Clearfil SE bond) and the highest scores were 
seen in group 1 (Adper single bond) but it was not sta- 
tistically significant. 

Discussion 

One of the most important clinical drawbacks of the 
resin composite restorative materials is their marginal 
microleakage [12]; which occurs as a result of polyme- 
rization shrinkage, fatigue-cycling, thermal changes in 
oral environment [13]. 

Fibers have been added to resin composites to 
solve this problem by reducing the total amount of 
composite and increasing the resistance of initial com- 
posite increment against pull- away from the gingival 
margin toward the light curing unit [4, 8, 14]. 

In the current study groups, polyethylene fiber in- 
serts did not show significant reduction in microleakage. 
This finding is in contrast with some previous studies, 
suggesting that fiber insertion could reduce marginal 
microleakage [4-5, 8]. This finding can be related to the 
layering technique that was used in the current study. 

It has been reported that glass fibers were more ef- 
fective than polyethylene fibers for reinforcement due to 
their good adhesion to the resin matrix [14]. However, in 
our study, we used only polyethylene fiber that was as 
effective as composite restorations without fiber inserts. 



Another approach to improve marginal integrity 
and consequent clinical problems is the use of lining 
materials with low viscosity such as glass ionomers or 
some types of bonding agents [15-16]. We used one 
layer of composite at the base of restorations in gingival 
floor which could reduce the polymerization shrinkage, 
occurring in bulk technique restorations at the base of 
box on gingival floor [17]. 

In the current study; two adhesive systems (two- 
step etch-and-rinse and one mild self-etching primer) 
were used to evaluate the effect of type of bonding 
agent on marginal microleakage. 

The bonding mechanism of these two systems is 
quite different [18]. The bonding mechanism of etch- 
and-rinse system is diffusion-based, the way of resin 
infiltrates into collagen fibrils and forms hybrid layer 
via micromechanical bonding [19]. In self-etching sys- 
tem, the bonding mechanism is based on the dissolution 
of the smear layer and penetration of acidic monomers 
in underlying dentin which leads to the hybrid layer 
formation [20]. In mild self-etching adhesive systems, 
some hydroxyapatite remain around the collagen fibrils 
caused by low acidity of monomers and may have 
chemical reaction with functional monomer in addition 
to micromechanical retention which can reduce margin- 
al microleakage [18]. The results of this study showed 
that these two bonding systems have similar sealing 
ability in the margins of restorations, which is consistent 
with some previous researches [20-22]. 

There are different methods to evaluate microlea- 
kage, such as scanning electron microscopy, electro- 
chemical studies and dye penetration [23-24]. Dye pene- 
tration, a semi-quantitative method, was used in current 
study. Some studies have reported that there was no 
difference between these methods regarding the evalua- 
tion of microleakage [18, 20]. 

In the current study, all specimens were stored in 
water for 6 months which was different from previous 
studies that evaluated microleakage of class II compo- 
site restoration with fiber insert. 

One study showed that 3- month- storage had no 
effect on microleakage [25] but some other studies con- 
cluded that storage time increases the microleakage in 
some bonding systems [26-28]. It seems that fiber inser- 
tion or application of different bonding systems have no 
effect on the gingival microleakage of class II resin 
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composite restorations after 6 months of storage .It may 
be due to the equal hybridization of self- etch and total- 
etch adhesives after 6 months. Therefore,the microlea- 
kage of restorations with or without fiber was equal. 

In this study, we evaluated microleakage of gin- 
gival margins because most previous studies reported 
that the microleakage of gingival margins in composite 
restorations was more than the microleakage of occlusal 
margins [3-4]. Bleaching agent may affect the physical 
and mechanical properties of composite resins [29]. 

Glass fibers and low- shrinkage composites, like 
silorane-based composite, can also be evaluated, as a 
suggestion for future studies, to reduce the marginal 
microleakage of fiber reinforced composite restorations, 
by employing different techniques and evaluation in 
different media. 

Conclusion 

Within the limitation of the current in vitro study it can 
be stated that: 

1. The use of polyethylene fiber inserts have no effect 
on microleakage in class II resin composite restora- 
tions with gingival margins below the cemento- 
enamel junction after 6- month-storage in water 

2. There is no difference between two bonding sys- 
tems (two-step etch-and-rinse and self-etching pri- 
mer) in marginal microleakage in class II composite 
restorations after 6-month-storage in water. 

Acknowledgment 

This article is based on the thesis #1304 by H. Yousefi; 
Shiraz University of Medical Sciences, Dental School. 

The authors would like to thank Dr. Shahram Ha- 
medani (DDS, MSc) for his editorial assistance in the 
manuscript. 

References 

[1] Xu HH, Schumacher GE, Eichmiller FC, Peterson RC, 
Antonucci JM, Mueller HJ. Continuous-fiber preform 
reinforcement of dental resin composite restorations. Dent 
Mater 2003; 19: 523-530. 

[2] Sharafeddin F, Bahrani S. Load Bearing Capacity of 
Fragmented Incisal Edges Restored with two Different 
Positions of Fiber Reinforced Composite Restoration. J 
Dent Shiraz Univ Med Scien 201 1; 1 1: 23-28. 

[3] Sharafeddin F, Alavi AA, Farzinfar M. Effect of fiber 



orientation and position on fracture resistance and failure 
mode of cuspal coverage composite restorations. J Dent 
Shiraz Univ Med Scien 2007; 8: 1-9. 
[4] Basavanna R Garg A, Kapur R. Evaluation of gingival 
microleakage of class II resin composite restorations with 
fiber inserts: An in vitro study. J Conserv Dent 2012; 15: 
166-169. 

[5] Ozel E, Soyman M. Effect of fiber nets, application tech- 
niques and flowable composites on microleakage and the 
effect of fiber nets on polymerization shrinkage in class II 
MOD cavities. Oper Dent 2009; 34: 174-180. 

[6] Agrawal V, Parekh V, Shah N. Comparative Evaluation 
of Microleakage of Silorane-based Composite and Nano- 
hybrid Composite With or Without Polyethylene Fiber 
Inserts in Class II Restorations: An In Vitro Study. Oper 
Dent 2012; 37: El-7. 

[7] M R Sajjan GS, B N K, Mittal N. Effect of different 
placement techniques on marginal microleakage of deep 
class-II cavities restored with two composite resin formu- 
lations. J Conserv Dent 2010; 13: 9-15. 

[8] El-Mowafy O, El-Badrawy W, Eltanty A, Abbasi K, 
Habib N. Gingival microleakage of Class II resin compo- 
site restorations with fiber inserts. Oper Dent 2007; 32: 
298-305. 

[9] Garoushi S, Vallittu PK, Watts DC, Lassila LV. Polyme- 
rization shrinkage of experimental short glass fiber- 
reinforced composite with semi-inter penetrating polymer 
network matrix. Dent Mater 2008; 24: 211-215. 

[10] Sharafeddin F, Alavi AA, Moshref Javadi F. The Impact 
of Bonding Agent Composition on Flexural Strength of 
Fiber Reinforced Composite. J DentShiraz Univ Med 
Scien 2011; 12: 261-270. 

[11] Belli S, Donmez N, Eskita§cioglu G. The effect of c- 
factor and flowable resin or fiber use at the interface on 
micro tensile bond strength to dentin. J Adhes Dent 2006; 
8: 247-253. 

[12] Antonson SA, Yazici AR, Okte Z, Villalta P, Antonson 
DE, Hardigan PC. Effect of resealing on microleakage of 
resin composite restorations in relationship to margin de- 
sign and composite type. Eur J Dent 2012; 6: 389-395. 

[13] Kubo S, Yokota H, Sata Y, Hayashi Y. The effect of 
flexural load cycling on the microleakage of cervical resin 
composites. Oper Dent 2001; 26: 451-459. 

[14] Kolbeck C, Rosentritt M, Behr M, Lang R, Handel G. In 
vitro examination of the fracture strength of 3 different fi- 
ber-reinforced composite and 1 all-ceramic posterior in- 



94 



Microleakage of Posterior Composite Restorations with Fiber Inserts Using two Adhesives . 



Sharafeddin F., et al. 



lay fixed partial denture systems. J Prosthodont 2002; 1 1 : 
248-253. 

[15] Sharafeddin F, Moradian H. Microleakage of Class II 
Combined Amalgam-Composite Restorations Using 
Different Composites and Bonding Agents. J Dent Tehran 
Univ Med Scien 2008; 5: 126-130. 

[16] Tredwin CJ, Stokes A, Moles DR. Influence of flowable 
liner and margin location on microleakage of convention- 
al and packable class II resin composites. Oper Dent 
2005; 30: 32-38. 

[17] Belli S, Orucoglu H, Yildirim C, Eskitascioglu G. The 
effect of fiber placement or flowable resin lining on mi- 
croleakage in Class II adhesive restorations. J Adhes Dent 
2007; 9: 175-181. 

[18] Breschi L, Mazzoni A, Rugged A, Cadenaro M, Di Le- 
narda R, De Stefano Dorigo E. Dental adhesion review: 
aging and stability of the bonded interface. Dent Mater 
2008; 24: 90-101. 

[19] Sharafeddin F, Varachehre MY. Evaluation of microlea- 
kage in composite restoration by using self etch adhesive 
agents after using 35% carbamide peroxide bleaching gel. 
J Dent Isfahan Dent Scho 2008; 4: 67-74. 

[20] Kasraei S, Azarsina M, Majidi S. In vitro comparison of 
microleakage of posterior resin composites with and 
without liner using two-step etch-and-rinse and self-etch 
dentin adhesive systems. Oper Dent 201 1; 36: 213-221. 

[21] Mitsui FH, Bedran-de-Castro AK, Ritter AV, Cardoso 
PE, Pimenta LA. Influence of load cycling on marginal 
microleakage with two self-etching and two one-bottle 



dentin adhesive systems in dentin. J Adhes Dent 2003; 5: 
209-216. 

[22] Pradelle-Plasse N, Wenger F, Picard B, Colon P. Evalua- 
tion of microleakage of composite resin restorations by an 
electrochemical technique: the impedance methodology. 
Dent Mater 2004; 20: 425-234. 

[23] Leevailoj C, Cochran MA, Matis BA, Moore BK, Piatt 
JA. Microleakage of posterior packable resin composites 
with and without flowable liners. Oper Dent 2001; 26: 
302-307. 

[24] Jain P, Belcher M. Microleakage of Class II resin-based 
composite restorations with flowable composite in the 
proximal box. Am J Dent 2000; 13: 235-238. 

[25] Sadek FT, Moura SK, Ballester RY, Muench A, Cardoso 
PE. The effect of long-term storage on the microleakage 
of composite resin restorations: qualitative and quantita- 
tive evaluation. Pesqui Odontol Bras 2003; 17: 261-266. 

[26] Mousavinasab SM, Atai M, Alavi B. To compare the 
microleakage among experimental adhesives containing 
nanoclay fillers after the storages of 24 hours and 6 
months. Open Dent J 201 1; 5: 52-57. 

[27] Crim GA. Microleakage of three dentinal bonding sys- 
tems: a 6-month evaluation. Quintessence Int 1991; 22: 
387-389. 

[28] Crim GA. Effect of aging on microleakage of restorative 
systems. Am J Dent 1993; 6: 192-194. 

[29] Sharafeddin F, Jamalipour G. Effects of 35% carbamide 
peroxide gel on surface roughness and hardness of com- 
posite resins. J Dent Tehran 2010; 7: 6-12. 



95 



